The potential to use orange-fleshed (β-carotene-rich) sweet potatoes as an effective entry point for improving vitamin A and caloric intake in sub-Saharan Africa appears to be high, since non-orange-fleshed cultivars are widely grown throughout the continent, easy to raise, and typically under women's control. The paper describes the collaborative effort of the Kenya Agricultural Research Institute, the Centro Internacional de la Papa (CIP), and CARE to promote adoption of early-maturing orange-fleshed sweet potatoes in a two-year research-intervention pilot project. A community-based approach was undertaken, whereby group members actively participated in the research process, developing nutrient-rich processed products (weaning and adult foods) that combined the introduced germplasm with locally available foods. The results suggest that improving women's access to resources (particularly to productivity-enhancing technologies and to knowledge) and utilizing crops under their control are essential features for demonstrating positive nutritional and adoption outcomes within a relatively short time. Findings comparing control and intervention groups indicate that an "enhanced extension package," emphasizing improved child-feeding practices and introducing new foodprocessing techniques, in addition to providing higheryielding varieties, is essential to ensure that the introduced varieties are incorporated into the diets of young children.
Introduction
The sweet potato research and development programme of the Centro Internacional de la Papa (CIP) in sub-Saharan Africa has the three objectives of improving food security, nutrition, and income generation for small farmers in the region. Millions of poor, small-scale farmers, mostly women, produce sweet potatoes, primarily for home consumption and, to a lesser extent, for commercial sales in local or urban markets. The increasing importance of the sweet potato in sub-Saharan Africa is largely attributable to its relatively high productivity across a range of environments, short cropping season, and flexible planting and harvesting schedules.* Periodic droughts and the rising costs of grain production have also contributed to the increasing importance of sweet potatoes for both food security and income generation.
Sweet potatoes have considerable potential for reducing vitamin A deficiency throughout Africa. However, most of the varieties currently grown in sub-Saharan Africa have white or cream flesh and supply little or no β-carotene [1] [2] [3] [4] [5] . New high-yielding, orange-fleshed varieties of sweet potato may be introduced that are rich in provitamin A, are well adapted to local farming systems, and meet local standards of culinary quality.
A number of high-yielding cultivars that are high in both provitamin A and dry matter have been identified in different agroecological zones of East Africa [6, 7] . The levels and stability of provitamin A have been evaluated [5, 8] , and their potential use in locally processed foods has been assessed and validated [9] [10] [11] [12] . The work is being conducted in close collaboration with partners in national agricultural research and extension systems, universities, and non-governmental organizations in East Africa.
The ability of orange-fleshed sweet potatoes to contribute to a considerable improvement in vitamin A intake is demonstrated by the data in table 1 that show the provitamin A concentrations of 17 varieties of sweet potato ranging from white to orange in colour. Regular intake (100 g per day or one half-cup) of yellow-or orange-fleshed sweet potato roots having moderate β-carotene concentrations (e.g., 3 mg/100 g on a fresh weight basis) provides the recommended daily amount of vitamin A for children under five years of age [13] . Six of the 17 varieties shown in table 1 have adequate β-carotene concentrations, even when processing losses are taken into account.* Introduction of these new varieties must be linked to education on nutritional quality and on new forms of utilization to promote their adoption and use. There are three major pathways through which the sweet potatobased intervention can achieve its goal of increased production and intake of vitamin A-rich foods: access to improved planting material, empowerment through knowledge, and enhanced purchasing power.
Access to improved planting material
Women farmers receive planting material of highyielding β-carotene-rich varieties and are directly involved in varietal evaluation. Rapid multiplication, staggered planting, improved agronomic practices, and out-of-ground storage techniques are introduced to ensure year-round availability of orange-fleshed sweet potatoes in the diets of both adults and young children. Production of other locally available nutrient-rich crops is also encouraged.
Empowerment through knowledge
Health and nutrition knowledge surveys in many parts of sub-Saharan Africa have noted several major areas in which caregiver awareness of basic child-feeding practices is severely lacking, including the duration of exclusive breastfeeding, the preparation of appropriate complementary foods, the correct timing of the introduction of different foods into the young child's diet, and the frequency of feeding of young children at specific ages.
Key to the knowledge empowerment process is the interactive development among researchers, extension personnel, and caregivers who are cognizant of the daily constraints faced by the principal caregiver, including financial constraints (lack of purchasing power), time constraints (lack of time for complex food procurement and preparation), and cultural constraints (beliefs, preferences, and pressure from influential relatives). Promotional campaigns at the community, district, and provincial levels can facilitate widespread acceptance of improved child-feeding practices centered on the use of sweet potato-based weaning foods.
Enhanced purchasing power
There are two principal mechanisms through which dietary diversification can be achieved at the household level. The first is the direct production of crops containing significant quantities of the desired nutrient. [14] . In addition, processing results in 25 to 30% loss of β-carotene content [5] .
The second is through market purchase. Sweet potato is well known for being a crop that can give acceptable yields without significant use of inorganic or organic fertilizers. Many of the other micronutrient-rich foods have to be purchased in the market. Sweet potatoes, freshly grated, boiled, and mashed or in flour form, can substitute for up to one-third of the wheat flour in processed products such as bread or doughnuts. These β-carotene-enriched products can be consumed at home or sold in the local market. Enhancing the purchasing power of caregivers vastly improves their capacity to capitalize on whatever new knowledge they have obtained. In this framework, orange-fleshed sweet potatoes are the entry point for improving calorie and vitamin A intake among young children. However, it is expected that the intakes of other vitamin A-rich foods will also increase significantly because of the impact of increased knowledge regarding which foods to produce and feed to young children, combined with greater capacity to buy vitamin A-rich foods through the sale of processed products.
The final step is to ensure that the increased vitamin A intake translates into improved vitamin A status. The results of a clinical trial in Indonesia [15] showed that the incorporation of β-carotene sources (mainly in the form of orange-fleshed sweet potatoes) into meals given to three-to six-year-olds significantly increased serum retinol concentrations (i.e., improved vitamin A status). The same study also demonstrated that the greatest rise in serum retinol occurred when meals contained added β-carotene sources and added fat, and the children were dewormed. Added fat improves vitamin A absorption, and local sources of fat can be easily incorporated into the development of sweet potato-based foods. Since the absorption of ingested vitamin A is hindered by poor health status, food-based strategies should include a health-care component, whenever feasible,
A case study of the introduction of orangefl eshed sweet potatoes
An action research project [16, 17] was recently implemented by the Kenya Agricultural Research Institute (KARI), in collaboration with Centro Internacional de la Papa and CARE International. Orange-fleshed varieties of sweet potatoes that were both high-yielding and rich in β-carotene were introduced to women farmers. The results demonstrated that orange-fleshed sweet potatoes were highly acceptable to producers and consumers, both when eaten alone and when used as ingredients in processed foods. Taste tests revealed that adults preferred varieties with a high content of dry matter (greater than 27%), whereas children preferred weaning foods made from varieties with a low content of dry matter [16] . The orange colour of the flesh is not in itself a barrier to acceptance.
The intervention sites were in rural western Kenya, an area in which farmers have traditionally produced sweet potatoes for home consumption and sale. The trial intervention worked with 20 women's groups in two Districts (Ndhiwa/Nyarongi and Rongo in South Nyanza Province) and compared two extension packages to promote the adoption and consumption of varieties of orange-fleshed sweet potatoes rich in β-carotene. Both packages included agricultural extension support to promote cultivation of the new orangefleshed sweet potato varieties to improve vitamin A intake. In addition, one of the packages also included nutrition education, training in processing methods, and home visits to reinforce the group lessons and identify additional barriers to adopting new infantfeeding practices and other processed products using sweet potatoes as a base. Home visits provided an opportunity to reconcile any conflicts between the practices promoted through the nutrition education programme and cultural beliefs or patterns. Without an opportunity to discuss and understand these issues, the women were much less likely to change their childfeeding practices permanently.
The primary nutrition indicator used in this study was the frequency with which children under five years of age consumed vitamin A-rich foods, as measured by an index developed by Helen Keller International (HKI).* The index was used in two ways. First, it was applied to assess whether vitamin A deficiency was an important public health problem in the research area. Second, it was used to assess changes in vitamin A intake patterns by comparing baseline scores and postintervention scores among the children of women in the intervention and control groups.
In Ndhiwa/Nyarongi, the area of the study with the higher probability of severe vitamin A deficiency, the HKI scores increased significantly in the intervention group from pre-to post-intervention, while those in the control group decreased. The overall change was a highly significant 93% increase over the pre-intervention level. Both the animal and plant food components of the HKI score increased, with the increase in the plant component being due in large part to higher consumption of orange-fleshed sweet potatoes, as well as mangoes and dark-green leafy vegetables. The results from Ndhiwa/Nyarongi indicated that the promotional activities (nutrition education and food processing for * The method is based on the caregiver's recall of the number of days per week that children under five years of age consumed animal and plant foods rich in vitamin A. There are two cut-off points according to the HKI guidelines: communities with a mean animal source index of less than 4 days/week or a mean weighted total food frequency index of less than 6 days/week are considered at risk of vitamin A deficiency. sale as well as home consumption) were critical for significantly increasing HKI scores.
In Rongo, the area of the study with a lower probability of inadequate vitamin A intake, the increases in the HKI scores that occurred as a result of the intervention were not statistically significant. This may suggest that promotional efforts are unlikely to significantly increase the consumption of vitamin A-rich foods in areas where the consumption is already adequate.
Substituting orange-fleshed sweet potatoes for other ingredients dramatically increased the β-carotene content in other common products consumed by both children and adults. Flat fried bread (chapati), doughnuts (mandazi), and small buns are commonly sold in medium-sized rural markets. As typically produced with wheat flour, these products contain approximately 100 mg of β-carotene equivalents per 100 g of food product. Substituting orange-fleshed sweet potatoes for wheat flour in either boiled and mashed or flour form raised the β-carotene content to 800-3,200 mg/100 g.
Moreover, a cost analysis indicated that the profitability of selling these processed products increased, principally as a result of lowering production costs. The food products made from the orange-fleshed varieties were well accepted by consumers. Once the women sell the products, they are most likely to use the derived income to meet other basic household needs of the family.
This research was not only about demonstrating the efficacy of nutrition outcomes. It emphasized exploring how those results could be achieved. The intervention demonstrated the potential for linking an agricultural innovation (orange-fleshed sweet potatoes) with simple processing technologies (flour, mandazis, chapatis, buns), micro-scale enterprise development, and increased knowledge of women farmers about the relationships between production, processing, marketing, food preparation, and the health and nutrition of their families.
The potential for this intervention to be sustained over time is high. First, farmers in sub-Saharan Africa typically exchange planting material for sweet potatoes (vines) free of charge. Since seed is not required for plant establishment, traditional dissemination methods can be rapid and continual. Organized multiplication and dissemination programmes, however, can massively accelerate the spread of new material. Second, the improved material introduced has a higher yield than the local material, and it survived the drought that occurred in the second year of the project. Thus, the varieties are likely to be sustained in the community for agronomic reasons. Finally, because women in these areas controlled both the consumption and the production of sweet potatoes, they were able to use the crop to improve the quality of their children's diet as well as to retain any income earned by selling the processed product or fresh root. Although men are likely to become more involved in sweet potato production as commercial markets for the crop continue to grow in western Kenya, women are unlikely ever to be excluded from sweet potato production for home use and from periodic selling from plots under their management. Thus, the potential is high for women to continue applying what they have learned through project participation.
Discussion and conclusions
Given that the number of children in sub-Saharan Africa affected by chronic malnutrition (stunting) increased by an alarming 62% between 1980 and 1995 [18] , the need for addressing malnutrition on the continent is acute. The use of improved, higheryielding food crops and increased incomes for purchasing better-quality diets and improved health care is critical to address this situation. Sweet potatoes are grown in every country south of the Sahara [19] . Moreover, several eastern and southern African countries have had major increases in sweet potato production in the 1990s [20] . The most dramatic increase has been seen in drought-prone Malawi, where a concerted effort by governmental and international agencies to massively distribute improved varieties of cassava and sweet potato has been under way since 1993-94. By 1997-98, the annual per capita consumption of sweet potatoes had risen to 79 kg, with sweet potatoes rapidly emerging as a major food staple alongside maize.* Unfortunately, no β-carotene-rich varieties were included in this distribution effort.
Higher-yielding, early-maturing varieties with significant β-carotene content address the need for enhanced dietary quality as well as improved calorie availability. Because of the poor health infrastructure and limited financial resources of many poor rural households both within and outside of sub-Saharan Africa, it is critical that alternatives to supplements and fortification be explored. If the findings of the proposed research demonstrate that improvement of dietary quality through the introduction of an agricultural technology combined with a set of improved child-feeding practices is a cost-effective and sustainable approach for reducing vitamin A deficiency, the transferability of these findings to other settings is likely to be high.
The intervention trials in western Kenya demonstrated the success of linking the promotion of orangefleshed sweet potato production and processing through agricultural and extension activities to the promotion * Phiri MA. Grain legumes issues and options for research in Malawi. Paper presented at the international training course on Methods for Analyzing Agricultural Markets, Nairobi, Kenya, 9-15 November 1998. of increased consumption of vitamin A-rich foods through health and nutrition education. Such dietary interventions address the underlying causes of malnutrition and poverty, empowering women by providing them with greater access to improved technologies and existing knowledge. If the new dietary habits and agricultural practices are adopted, the benefits for vitamin A status are likely to be sustained over time.
Given the ease of sweet potato production and use, there is a high potential for this type of intervention as part of an integrated strategy to combat micronutrient malnutrition in sub-Saharan Africa. Expanding and replicating the approach and methods used in the study for a large sample and in other African countries where vitamin A deficiency is prevalent could lead to significant gains in reducing vitamin A deficiency.
